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“Evolutionary acquisition 
strategies shall be preferred 








• Incremental Development: A desired capability is identified; the 
end-state requirement is known; and that requirement is met over 
time by developing several increments, each dependent on 
available, mature technology.
• Spiral Development: A desired capability is identified, but the end-
state requirements are not known at program initiation.  
Requirements are refined through demonstration and risk 
management; there is continuous user feedback; and each 
increment provides the user the best possible capability.




“Paradigms influence our study 
between revolutions” Kuhn
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“Progressive Elaboration”
Barry Boehm’s Spiral Model of 
Software Development PMI’s PMBOK:
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Evolutionary Acquisition Issues 
• Number of OSD-Level Reviews 
- Off-Core Activities 
- Significant Transaction Costs
• Unplanned work is inestimable.
• Fielding of obsolete technology -- if SDD isn’t short
• Continued conceptual and definitional ambiguity (RAND)
• 1st increment: Militarily useful vs. all desired capabilities 
• Organizational impacts of concurrent production and development of 
follow-on increments
• Maintaining of funding priority for follow-on increments
• GAO examples are mostly from cyclical commercial models, versus 
fleet ownership (i.e., United, UPS, Fedex)
• Variety brings benefits and costs
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A one-size-fits-all development 
methodology may not be appropriate 
for all product commodities.
Everything Changes, But…
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Product Attributes May Affect the 
Development Strategy
• Mutability
• Range of Requirement Attainment (Binary vs. Continuous)
• User Risk (Safety and Time Criticality)
– Time-critical or enhanced survivability systems (NMD, ARCI)
– Non-man-rated Systems (UAVs)
– Man-rated Systems (munitions)
– Production Quantity (not a factor)
• Logistical Support Planned During Service/Shelf Life
• Net Amount of Change - and the Lure of Modularity
– Changes propagate with relative modular interdependency
Acquisition Research Program: Creating Synergy for Informed ChangeNaval Postgraduate SchoolMonterey, CA 10
Development Increments Concurrent with Initial Production
Development Increments Concurrent with Later Production
Relative Concurrency of Increments
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A Tale of Two Missiles
Spiral and Incremental Development Single Step to Full Capability
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A Tale of Two Missiles:
Technology Maturity – A Key Difference
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Modeling the Drivers and Impacts of 
Evolutionary Acquisition 
• Need to validate the impacts of Evolutionary Acquisition 
suggested by the ATACMS and Javelin cases 
• Need to identify other, less clearly visible, impacts of 
Evolutionary Acquisition
• Need to understand impacts using many strategies 
Built computer simulation model of work and
information in an Evolutionary Acquisition project
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Information Flows in a Single-block 
Acquisition Project 
Models inter-phase concurrence & information 
dependencies






Milestones A B DRR C FRP
Time Periods 
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Work Flows and Backlogs through a 
Development Phase 
Work flows are constrained 
by resources and 
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Information Flows in an Incremental 
Acquisition Project 
• Contracting, etc. modeled with indirect work at start of each phase
• Reviews modeled with indirect work at end of each phase 






Milestones, Iter #1 A1 B1 DRR1 C1 FRP1
Milestones, Iter #2 A2 B2 DRR2 C2 FRP2
Milestones, Iter #3 A3 B3 DRR3 C3 FRP3
Time Periods 
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Modeling Performance and Resources 
• Acquisition Project Performance
– Schedule – when how many requirements are satisfied
– Total project cost (labor as proxy)
– Risk of satisfying requirements by a deadline
• Resources 
– Two workforces: Development & Project Management
– Resource progress rate = allocated workforce * productivity
– Development allocated to reduce work backlogs
– Project management allocated to coordinate development activities
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Model Calibration and Testing
• Model was calibrated to Javelin project
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0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720 765 810 855 900
Time (Week)
Work started and active PhIt[Requirements,Iter1] : JavelinCalibration work packages1 1 1
Work started and active PhIt[Technology,Iter1] : JavelinCalibration work packages2 2 2
Work started and active PhIt[Design,Iter1] : JavelinCalibration work packages3 3 3 3
Work started and active PhIt[Manufacturing,Iter1] : JavelinCalibration work packages4 4
Work started and active PhIt[Use,Iter1] : JavelinCalibration work packages5 5 5 5
Work packages 
being developed 
(also proxy for 
development effort)
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Base Case  
(single-block) Æ
Base Case           
(3 even blocks) Æ
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Duration to first 
requirement satisfied weeks 471 470 397
Base Case    
(3 blocks)
Duration to max. 
requirements satisfied weeks 520 518 762
Base Case 
(single block)

































The (dis)advantages of Evolutionary Acquisition depend 
on what performance measures are most important. 
Å
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0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720 765 810 855 900
Time (Week)
Active phase and block interfaces : BaseCase-SingleBlock dimensionless1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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1 1 1 1 1 1 1 1 1 1 1
1
1 1 1 1 1 1 1 1
0 45 90 135 180 225 270 315 360 405 450 495 540 585 630 675 720 765 810 855 900
Time (Week)
Average Percent of Requirement Provided : JavelinCalibration Dmnl1 1 1 1 1 1
Average Percent of Requirement Provided : Javelin3EvenBlocks Dmnl2 2 2 2 2 2
Average Percent of Requirement Provided : Javelin3EvenBlocksMoreDev Dmnl3 3 3 3





Å Base Case           
(3 blocks) - $939m
ÅÅ Base Case with more
developers - $1,761m
Managing Iterative Development 
Base Case with more 
developers and more   
project management –
$1,753m!! Æ
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Conclusions –Evolutionary vs. Single Block 
Development Approaches…
• First Unit Equipped with some (but not all) requirements 
satisfied faster
• Satisfies requirements in multiple steps
• Requires more time to satisfy all requirements  
• Costs more than single-block development for same 
requirements 
• High risk of not satisfying all requirements by the time 
single-block development can satisfy all requirements 
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Implications for Evolutionary Acquisition 
Project Managers 
• More development phases and activities to manage and 
coordinate: larger and different PM needs
• More concurrence and resulting complexity: bottlenecks 
change and move…are more difficult to identify and 
manageÅ focus more on this
• Creates counterintuitive behavior (e.g.reductions in project 
cost by adding resources) – opportunities to improve 
performance…IF you develop a deep understanding of 
the drivers and constraints of Evolutionary Acquisition 
progress. 
Need more investigation of more EA projects. 
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Our Bottom Line on Risks
• DoD uniquely outsources development for internal use
- owns the product over its life cycle
• There are inherent potential risks with incremental development
- inefficiencies from re-work (duplication)
- risk of project error (from discontinuous membership)
- organizational impacts (queuing theory)
- relative concurrency drives risk
- variety in the fleet (support, failure cause, training, etc.)
• Don’t defer what you can do now
• Defer what you cannot do now – tech readiness
• Product attributes may affect development strategy
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Our Top Line on Control
• Rigorous Preliminary Effort on Architecture
• Meticulous Configuration Management
• Individual Accountability
• Other control measures to balance risks
- T&E, Interface Control, Peer Review 
- GPR, MOSA & OA Incentives, etc.
“Intelligent design is way faster than evolution.”
Robert N. Metcalfe
Perceived Relationships Among Project 
Cost, Control and Risk
(adapted from Wysocki 2003)
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Questions?
